ResearchGate 


See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/368024084 
A Study of Derivative and Integration a Neutrosophic Functions 


Article - January 2023 


DOI: 10.54216/JNFS.050203 


CITATIONS READS 
0 20 


3 authors, including: 


A.A. Salama 
Port Said University 
285 PUBLICATIONS 4,287 CITATIONS 


SEE PROFILE 


Some of the authors of this publication are also working on these related projects: 


Project New Trends in Neutrosophic Theory and Applications View project 


Project Call for book-chapters for the collective book "Theory and Applications of NeutroAlgebras as Generalizations of Classical Algebras" View project 


All content following this page was uploaded by A. A. Salama on 02 February 2023. 


The user has requested enhancement of the downloaded file. 


ournal of Neutrosophic and Fuzzy Ststems IINS Vol. 05, No. 02, PP. 33-37, 2023 


ASPG 


American Scientific Publishing Group. 


A Study of Derivative and Integration a Neutrosophic Functions 


Ahmed Salamah!, Malath F Alaswad?, Rasha Dallah? 


' Departement of Mathematics, port said, Egypt, 
23 Departement of Mathematics, Albaath University,Homs, Syria 


Emails: drsalama44 @ gmail.com; Malaz.Aswad @ yahoo.com; rasha.dallah20 @ gmail.com 


Abstract 


The objective of this paper is to study and define the neutrosophic real functions with one neutrosophic variable 
depending on the geometric isometry (AH-Isometry), with a lot of concepts from real analysis including 
continuality, differentiability, derivativility, integrability. We have presented the formal forms of different popular 
functions in neutrosophic environment like logarithmic function, exponential function, trigonometric functions. 
Rising neutrosophic derivative, indefinite integral, and definite integral well defined including rising to 
neutrosophic functions. 


Keywords: Neutrosophic real analysis; AH-isometry; Integration; Derivative neutrosophic function; Indefinite 
integral neutrosophic function; Definite integral neutrosophic function. 


1.Introduction 
Neutrosophy is a new branch of philosophy concerns with the indeterminacy in all areas of life and science. It has 
become a useful tool in generalizing many classical systems such as equations [1,9], number theory [2,3], topology 


[4,5], linear spaces [6,10], modules [4,5], and ring of matrices [7,8]. 


In the literature, we find many studies about neutrosophic calculus, where some definitions and properties were 
presented about neutrosophic real functions and numbers [10]. 


The neutrosophic real functions with one variable were defined only in a special case [11], as follows: 


f(x) = g(x) + h(x)I where I takes an interval value defining what is called by neutrosophic thick functions . For 
examplef(x) = 2x + 5xI,I € [0, 0.01] is a neutrosophic real thick function. 


The problem with this definition, that it does not consider the general case f: RU) > RC); f = f(X) 
AndX=x+yl€ RC). 


Recently, Abobala et.al, have presented the concept of two-dimensional AH-isometry to study the correspondence 
between neutrosophic plane R(I) x R(I) and the classical module R* x R*. Also, the one-dimensional AH- 
isometry between R(I) and R X R. This isometry was useful in defining inner products and norms [10], ordering [9], 
and neutrosophic geometrical shapes [10]. 


33 


DOT: https://doi.org/10.54216/JNFS.050203 
Received: August 02, 2022 Accepted: January 27, 2023 


ournal of Neutrosophic and Fuzzy Ststems IINS Vol. 05, No. 02, PP. 33-37, 2023 


In this work, we use the one-dimensional AH-isometry to turn the general case of neutrosophic real functions with 
one variable into two classical real functions so we will go from R(J) space into R X R space, we study the 
properties of our functions then we go back to R(J) space using AH-isometry. 


2 Definitions. 
Definition 2.1. Neutrosophic Real Number: [12] 


Suppose that w is a neutrosophic number, then it takes the following standard form: w = a + bl where a, b are real 
coefficients, and J represents the indeterminacy, where 0./ = 0 and /” = J for all positive integers n. 


For example: 
w=1+2I,w=3=3+401. 
Definition 2.2. Division of neutrosophic real numbers: [13] 
Suppose that w,, w2 are two neutrosophic number, where 
W, = a, + byI,wz = az + byl 
Then: 


Wy ay + byl ay az by —_ a,b 


W2 az + byl az a2 (az + bz) 
3 Neutrosophic Functions on R(J). 


Definition 3.1 [14] 


Let RU) = {a+ bl ;a,b € R} where I? = I be the neutrosophic field of reals. The one-dimensional isometry 
(AH-Isometry) is defined as follows: [49] 
T:RU) >RXR; Tat+bl) =(aatb) 
Remark 3.1. [14] 


T is an algebraic isomorphism between two rings, it has the following properties: 
1) T is bijective. 
2) T preserves addition and multiplication, i.e.: 
T[(a+ bI+(c+d)] =T(a+bID+T(c+dl) 
And: 

Tl(a+ bl): (c+ dD] =T(a+bl):-T(c+dl 
3) Since T is bijective, then it is invertible by: 

TURXR-> RU); T 1(,b) =at+(b-a)l 
4) T preserves distances, i.e.: 
The distance on R(J) can be defined as follows: 


Let A= a+ bI,B = c +dI be two neutrosophic real numbers, then L = \|AB || =d[(a+bl,c+dl)] = 
la+ bI —-(c+dl)| = |(a—c) +1(b —ad)| = la-—cl +] [la+b—c—d|—-|a-cl]. 


On the other hand, we have: 


T (||AB||) =(la-cl,|(a+b)—(c+d)|) = (d(a, c),d(a+b,c+ d)) = d[(a,a+b),(c,c+ d)|=d(T(a + 
bI),T(c + dl)) 
=||7(4B)]. 


34 


DOT: https://doi.org/10.54216/JNFS.050203 
Received: August 02, 2022 Accepted: January 27, 2023 


ournal of Neutrosophic and Fuzzy Ststems IINS Vol. 05, No. 02, PP. 33-37, 2023 


This implies that the distance is preserved up to isometry. i.e.||T(AB)|| = T(||AB||) 
Definition 3.2. [15] 


Let f:RU) ~ RC); f = f(X) and X =x + yl € R(/) the f is called a neutrosophic real function with one 
neutrosophic variable. 
a neutrosophic real function f (X) written as follows: 


FX) =fe+yD) =f) +I @+y) -FR)] 


Theorem3.1. any neutrosophic real function into two classical real functions, i.e., to the classical Euclidean plane 
RXR. 

Proof. 

Let f(X) = fx + yl) = f(x) + I[f(« + y) — f(&)] a neutrosophic real function. 

Now, Using the one-dimensional AH-isometry, we have. 

T(f(X)) = TFC) + ILF@ + y) — fF), then. 

Oi fe) = (F(x), f (x + y)), then, we have. 

{ fi = f@) 

fh =f@+y) 

the functions f(x), f(x + y) are a real functions. 


Definition 3.3. Neutrosophic exponential and logarithmic functions. [14] 


Let R(/) be the neutrosophic field of reals, we have: 
1. f(X) = e* =e*ty! = e* + I(e*t¥ — e*) 
2. f(X) = In(X%) = In(x + yl) = Inx + ]dn( + y) — In(x)), where x + yl > 0. 


Definition 3.4. [14] 


Let R(/) be the neutrosophic field of reals, we have: 
f(X) = fxtyl = vx +I1C/x+y— vx) 
Definition 3.5. 


Let R(/) be the neutrosophic field of reals, we have: 

f(X) = AyX" + An 1X1 + + ALX + Ag 
= AnX + Agiyx 1 ++ a,x +a 
+ I[(ba(x + y)" + Dy-a (x + y)™* + + by + y) + do 
= (Anx” + Any x” 1 ++ +a,x + Ag))] 


Definition 3.6. Neutrosophic Trigonometric Functions: 


Let R(/) be the neutrosophic field of reals, we have: 
1. sin(x + yl) =sinx + I[sin@& + y) —sinx ] 
2. cos(x + yl) = cosx + I[cos(x + y) — cos x] 
3. tan(x + y/) =tanx + J[tan(« + y) — tanx] 


4. derivative a Neutrosophic Functions on R(J). 


Definition 4.1. 


Let f(X) = f(x + yl) = f(x) +/[f(« + y) — f(x)] a neutrosophic function on R(J), the we define a 
derivative of a neutrosophic function f(X) as follows: 


PX) =f@ty) =f'@) +f @+y) - fC] 


34 


DOT: https://doi.org/10.54216/JNFS.050203 
Received: August 02, 2022 Accepted: January 27, 2023 


ournal of Neutrosophic and Fuzzy Ststems IINS Vol. 05, No. 02, PP. 33-37, 2023 


Examples 4.1. 


1. f(X) = e*% =e* + I(e*t” — e*). We have. 
f'@) = (e*)' + 1[le*"")’— (*)'] = 8* + 1G" —e*) =e*, 
2. f(X) = In(X) = Inx + I[In@ + y) — In@)]. We have. 


, ; 1 1 1 1 x-xXx—-y 1 —y 
PO) ae) lle ae = leayn al ~ x aay) ~ x resp 
1+0/ 1 


“x+yl XxX 

3. f(X) =Xe* =xe* +1((x + y)e*t¥ — xe). We have. 

f'(X) = (xe*)! + I(x + ye**¥)! — (xe*)'] = e* + xe* + I(e**” + (x + y)e**¥ — (e* + xe*)) = e*% + 
I(e**Y — e*) + [xe* + I((x + y)e*tY — xe*)] = e% + Xe%. 

4. f(X) =sinX = sin(x + y/) = sinx + I[sin(x + y) — sinx ]. 
We have. 

f'(X) = (sinx)' + I[(sin@ + y))’ — (sin x)’] = cos x + I[[cos(x« + y) — cosx] = cosX. 

5. f(X) =cosX = cos(x + yl) = cosx + I[cos(x + y) — cos x]. We have. 

f'(X) = (cos x)’ + I[(cos(x + y))’ — (cos x)’] = —sinx + I[[—sin(x + y) + sinx] = —(sinx + 
I[[sin(x + y) — sinx]) = —sinX. 

6. f(X) = e*In(X) + X? = e* In(x) + x? + I[e@*” In(x + y) + (x + y)? — (e* In(x) + x?)]. We have. 


f'(X) = (e* In(x) + x?)' + I[(e&*” In@ + y) + (x + y)?)’ — (e* I(x) + x?)'] = (e* In@x) + a + 


2x) +1 [ew In((x + y)) + 


7. f(X) = sin?X .cosX = sin*x .cosx + I[(sin? (x + y) .cos(x + y) — sin?x .cosx)]. We have. 
f'(X) = (sin?x .cosx)' + I[(sin? (x + y) .cos(x + y))! — (sin?x .cosx)'] = 2sinx.cos?x — sin?x + 
I[2sin(x + y).cos?(x + y) — sin? (x + y) — (2sinx. cos?x — sin3x)] = 2sinX.cos*X — sin3X. 


e (xt 


) x x 
a 2(x+y)—- (e* n(x) +4 2x)| = e* In(X) + — + 2x. 


x+y 


5. integral a Neutrosophic Functions on R(J). 


Definition 5.1. 


Let f(X) = f+ yl) = fx) +/1[f(+ y) — f(@&)] a neutrosophic function on R(I), the we define a 
integration of a neutrosophic function f(X) as follows: 


[ ronax =| pe@ax+i[f pae+nae+y)- [ te@dax]+@ +00 


Where (a + b/) is a neutrosophic constant number, and f f(X) dX = F(X) = F(x) + /[F(x + y) — F(x)]. 
Examples 5.1. 


1. f(X) = e* =e* + I(e**¥ — e*). We have. 

fe* dX = fe* dx +I[f e**” d(x + y) — fe* dx] = e* + I(e*t¥ —e*) + (a+ bl) =e* + (a+ DI). 

2. f(X) = X*e* = x*e* + 1((x + y)*e**” — x*e*). We have. 

f X2e* dX = f x2e*% dx + [f(x + y)2e** d(x + y) — f x2e* dx] = (x? — 2x 4+ 2)e*+ 1([x + y)? - 

2(x + y) + 2]e**Y — (x? — 2x + 2)e*) + (a + DI) = (X? — 2X + 2)e* + (at dl). 

3. f(X) =Xe® =xe® +1((x + y)e@t” — xe’). We have. 

fXe*’ dX = fxe® dx + iff + yee d(x +») —fxe*’ dx] = =e* +] (Geet? - ~e*") + 
x2 


(a+ bl) = =[e* + I(e +)" — ex )| +(a+bl= oe (a+ bl). 


4. f(X) =sin?X = sin? x + I[sin?(x + y) — sin? x ]We have. 

3 3 
fXe* ax = fsin? x dx + I[f sin?(x + y) d(x + y) — f sin? x dx] = * — cosx + || _ 
cos? x cos? X 


cos(x + y) — (<< = cosx)| +(a+bl)= ge cosX + (a+ bl). 
5. f(X) = X3ln(X) = x7? Inx + I[(« + y)3 In(x + y) — x3 In(x)]. We have. 
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n = fx*Inxdx+ x+ n(x + x+y) — fx?Inxdx] =“ Inx—-2x*4 
X? In(X) dX = fx? lnxdx + I[f(x + y)? In@e + y) d(x + y) — fx8 nx dx] == = 

( 4 4 4 
bmg ed gee) ee pe ee age Sehe) 


5 RE (x+y)? _ x? 
6. f(X)= 7 =o =i iG Geigy? a We have. 
(x+y)? 14+x 
Jaa = [pede +9) fy |= —x += =In || + 1]- (x+y) + 
1 14+(x+y. 14x 14X 
zn eral ~ ee x+5 nN T 4 4b =x 42 in “4 (a +bI), 
Vitx24+V1-X?2 _ yitx2+V1-x? Vit@ety)2+V1-Gety)? — V1tx24+)1-x? 
7. f®= V1 —xX4 V1—x* + 1( Vi-(x+y)* Ji=x® i We have. 


vB x2 aie | Vit@ety)2+/1-@ty)2 Vitx2+ Vinx? 4 
We ieee ge OUT gee OO ee 


1 1 = F 
i(ia +) dx +1 i = ay + ina) d(x +y)- Ss + 5) dx| = arc sinx + 
In|x +v1+ x?| + Iarc sin(x +y) + In| (x +y)+J/14+@+ y)?| - (arc sinx + In|x +v1+ x?|)] + 
(a+ bl) = arc sinx + In|X +v1 + X?| +(a+bl). 


6. The definite integration a Neutrosophic Functions on R(/). 


Definition 6.1. 
Leta +blI,c+dl € R(/), the we sayat+ bl <c+dlifa<caandat+tb<c+td. 


Definition 6.2. 


Let f(X) = fxt+ yl = f(x) + I[f@ + y) — f(x)] a neutrosophic function on R(/), we define the definite 
integration of a neutrosophic function f om ) as follows: 


c+dl c+d 
| f(X)dX = | fade tl | fatyd(e+y)- | f(x)dx 
a+bl a+b 


Examples 5.1. 
1. (=f 3 *dX = J, exdx +] [fo e* d(x +y)- f, exdx_| =[e*]p +/ feo], - [e*]}] 
J= na ae ae = (e—1)+/[(e?-1) -(e-1)] =e-1+4] fe? —-e] 


2. J= Ge sinX dX = fe sinx dx +1 [fF sine +y)d(x+y)- fe sinx dx| = [-cosx]2 +1 [[-cos(x + 
6 6 6 2 6 6 


y)le + [cosx]3] 
v3 V3\]__ v3 
=(4+D)eifa-9- (or al 


3. Conclusion 


In this paper, we have defined the concept of a neutrosophic functions. Also, we have discussed some of their 
elementary properties such as derivative, indefinite integral, definite integral. 
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